Summary. In the southeast United States, the invasive ant Solenopsis invicta is known to derive important carbohydrate (honeydew) resources from mealybugs utilizing grasses. Most important appears to be an invasive mealybug, Antonina graminis. We studied whether this mealybug and a similar native species also benefit from association with S. invicta. We found that mealybug occurrence increases significantly with increasing proximity to S. invicta mounds, suggesting that mealybugs benefit as well. Mutual benefits derived by S. invicta and A. graminis are consistent with a hypothesis proposing that associations among invasive species can be important in their success at introduced locations.
Dominance in ant assemblages can be associated with extensive use of honeydew from Hemiptera (e. g. aphids, scales, mealybugs) and plant exudates. Abundant carbohydrates allow for extensive activity, which allows for the discovery and acquisition of additional resources (e. g. Davidson, 1998) . Consistent with this hypothesis, extensive use of honeydew appears characteristic of invasive ants, which can reach tremendous population densities (Helms and Vinson, 2002; Holway et al., 2002) . In the southeast United States, the invasive red imported fire ant, Solenopsis invicta, constructs shelters for and tends a wide variety of honeydewproducing Hemiptera; however, the 'legless' mealybugs Antonina graminis and Antoninoides spp. appear exceptionally important (Helms and Vinson, 2002) . These mealybugs occur largely below ground level on the crowns, root nodes, and under leaf sheaths of grasses. At sites in Texas, Helms and Vinson (2002) estimated that these mealybugs comprise 89 % of the Hemiptera biomass housed in shelters, with 71 % of that being A. graminis biomass. Antonina graminis honeydew was estimated to supply from 16 to 48 % of the energetic requirements of an average S. invicta colony. While it appears clear that S. invicta benefits from association with these mealybugs, whether the mealybugs in turn benefit from association with S. invicta is unknown. To investigate this possibility, we tested whether the abundance of A. graminis, and Antoninoides are associated with their proximity to S. invicta colonies.
The study was conducted at three sites in eastern Texas during a three-week period in late October and early November 2001. Two sites were located in Brazos County and the other in Washington County. Mealybugs were identified as either A. graminis or Antoninoides sp. as described by Helms and Vinson (2002) . Three Antoninoides occur in Texas, A. parrotti, A. boutelouae, and A. nortoni (Helms and Vinson, 2000) ; however, we did not distinguish between them in this study. We determined the presence or absence of either A. graminis or Antoninoides sp. on grasses within mounds and at 5 cm intervals from the edge of mounds to a distance of 3 m from the mounds. The direction of transects was selected such that the grass species of interest occurred at approximately equal density along the entire length and did not pass within 3 m of an adjacent mound. At each 5 cm interval along transects, we selected the nearest root node of bermudagrass (Cynodon dactylon), or the nearest plant of oldfield threeawn (Aristida oligantha), unearthed the node or plant, and examined the basal area just above the roots for mealybugs. When the grass occurred within a mound, we selected a single node or plant for examination. Twenty-two mounds were utilized; 11 for bermudagrass (numbers per site: 5, 6, 0) and 11 for oldfield threeawn (numbers per site: 3, 5, 3). Presence/absence data according to distance from S. invicta mounds was analyzed with binary logistic regression using Minitab 13.20 (Minitab Inc.). Sites and samples were pooled within each grass species for statistical analyses.
to tend introduced and invasive species (Helms and Vinson, 2002) . Like S. invicta, A. graminis is an important invasive species (Helms and Vinson, 2002) . A recent hypothesis proposed that associations between invasive species can be important in their success (Simberloff and Von Holle, 1999) . Because S. invicta benefits from association with A. graminis, and it appears that A. graminis benefits from association with S. invicta, association between these species may lend important support for this hypothesis. Our study does not, however, test whether A. graminis benefits from association with S. invicta to a greater degree than it would from the native ant fauna if S. invicta were absent. However, because S. invicta tend Homoptera extensively, while achieving densities greater than the native ants they replace (e. g. Porter and Savignano, 1990) , it is likely that A. graminis populations in the southeast United States are larger when associated S. invicta than with only native ants. It is also important to note that the native range of S. invicta occurs in South America while A. graminis appears to have originated in Asia (Helms and Vinson, 2002) . While both species may benefit from their association, it is fortuitous and not the result of long-term coevolution between species.
Only A. graminis occurred on bermudagrass, while both A. graminis and Antoninoides occurred on the threeawn. On the threeawn, approximately 90% of mealybugs were Antoninoides and the remainder A. graminis. In both grasses, the presence of mealybugs was associated significantly with distance from S. invicta mounds; mealybugs were most common on grasses in mounds and their frequency of occurrence decreased significantly with increasing distance from mounds (Fig. 1) . In an earlier study, these mealybugs frequently occurred in shelters constructed by S. invicta (Helms and Vinson, 2002) ; however, in this study, shelters were relatively rare. Of all plants with mealybugs, only 13% (32 of 247) occurred in shelters. Why the frequency of shelters varies is unknown; however, it seems clear that shelter absence does not indicate that significant interactions are not occurring (Fig. 1) .
Our results are consistent with the facilitation of A. graminis and Antoninoides by S. invicta. The precise nature of that facilitation is unclear; however, there are a number of possible explanations. Solenopsis invicta may protect the mealybugs from predators and parasites, and honeydew removal may aid in disease prevention (e. g. Way, 1963; Hölldobler and Wilson, 1990 ). The fire ant might also actively transport mealybugs during the first instar (crawler) stage (e. g. Vinson and Scarborough, 1991) .
Very few ant species are considered invasive; however, they often have profound impacts on the native biota at introduced locations (reviewed by Holway et al., 2002) . Tending honeydew-producing Hemiptera appears important in the ecology of invasive ants (Helms and Vinson, 2002; Holway et al., 2002) , and most are frequently reported Figure 1 . Occurrence of the mealybugs Antonina graminis and Antoninoides on grasses decreases with increasing plant distance from Solenopsis invicta mounds (Logistic Regressions: Aristida oligantha: G = 22.45, P < 0.001, Cynodon dactylon: G = 14.89, P < 0.001). Statistical analyses were conducted using actual rather than categorical distances. Numbers above bars are the number of plants assessed within each category
